Background: Cortisol binding globulin (CBG) is produced by liver cells and is inhibited by proinflammatory cytokines such as interleukin (IL) 6. CBG serum levels are typically low during prolonged inflammatory processes. Thus, observed changes of cortisol during anti-tumour necrosis factor (TNF) treatment may be related to changes of CBG in rheumatoid arthritis (RA). Objective: To investigate the course of CBG during anti-TNF treatment in RA. Methods: 13 patients with longstanding RA, without prior prednisolone treatment, were included in this longitudinal study with subcutaneous adalimumab. Results: Treatment with anti-TNF markedly decreased clinical markers of inflammation and serum IL6. Serum levels of cortisol, CBG, and the ratio of cortisol/CBG did not change markedly, whereas the ratio of serum CBG/IL6 increased (p = 0.004). In parallel, levels of adrenocorticotropic hormone decreased during the observation period. The ratio serum androstenedione/serum cortisol increased during the study (p = 0.036). Conclusions: During anti-TNF treatment relatively normal levels of CBG and a normal ratio of CBG/cortisol are found. Changes of cortisol in relation to IL6 during anti-TNF treatment, seen previously, may not be related to changes of CBG.
I n a chronic inflammatory disease such as rheumatoid arthritis (RA), the hypothalamic-pituitary-adrenal (HPA) axis is altered: (a) patients have low spontaneous and stimulated cortisol secretion in relation to inflammation 1-7 ; (b) secretion of adrenocorticotropic hormone (ACTH) relative to inflammation is inadequate 7 ; and (c) adrenal androgens decrease. [8] [9] [10] [11] The causes of these alterations are only partly understood, but striking changes on all levels of the HPA axis seem to have a role. Cytokines such as interleukin (IL) 6 and tumour necrosis factor (TNF) are likely to play a prominent part in these alterations.
In a German RA cohort, we recently demonstrated that long term treatment with the anti-TNF agent infliximab sensitises the pituitary gland and favours adrenal androgen secretion. 12 Because production of cortisol binding globulin (CBG) may be inhibited by proinflammatory cytokines such as IL6, 13 14 changes of cortisol, seen previously, may be dependent on changes of CBG serum levels. The present study in patients with RA receiving anti-TNF treatment aimed at investigating serum levels of CBG. We used a different cohort from Italy than in the earlier study 12 and used a different anti-TNF agent adalimumab (to demonstrate possible class effects of anti-TNF antibodies).
PATIENTS AND METHODS

Patients and blood samples
In this study with adalimumab (Abbot SpA, Campoverde di Aprilia, Italy), we included 13 white patients with RA (all postmenopausal women) who fulfilled the American College of Rheumatology criteria for RA. 15 The patients were selected according to the inclusion criteria of the Adalimumab Research in Active RA study (ReAct). None of the patients were receiving prednisolone or had received it previously (6 months before). All patients were given additional methotrexate (stable throughout this study) but no other immunosuppressive drugs (table 1) . Patients were assigned to receive single self injections of adalimumab 40 mg subcutaneously every other week. Efficacy assessments included the American College of Rheumatology and EULAR response criteria (FA, PS-P). 16 A baseline blood sample was taken 1-2 weeks before the start of the adalimumab treatment. Anti-TNF antibodies were infused on weeks 0, 2, 4, 6, 8, 10, and 12. For this study, patients were clinically investigated and blood was drawn between 8 00 and 9 00 am when the patients visited the outpatient clinic on the baseline day or at weeks 2, 6, and 12. The blood was immediately centrifuged and serum was stored at 280˚C. The study was approved by the ethics committee of L Sacco University Hospital, Milan, Italy. Because cortisol determination may be influenced by presence of serum CBG, we measured this particular transport protein in this study. Baseline serum CBG was normal, and serum CBG did not markedly change during the treatment (fig 1A) . Serum cortisol in relation to serum CBG also did not change during anti-TNF treatment (fig 1B) . The ratio of serum CBG/IL6 significantly increased during the observation period ( fig 1C) .
Laboratory variables
ASD is one of the major adrenal androgens. The ratio of serum ASD/cortisol increased during the observation period, which indicates that adrenal androgen secretion increases relative to cortisol secretion ( fig 1E) .
In addition, levels of ACTH decreased during the 12 weeks of anti-TNF treatment (baseline v 12 weeks: 1.6 (0.1) v 1.2 (0.1) pmol/l, p = 0.007), but cortisol remained relatively stable (615.3 (81.5) v 569.6 (77.1) nmol/l). We recently demonstrated that levels of hormones in relation to serum IL6 can be used to estimate HPA axis activity in relation to this cytokine. 7 This technique demonstrated that ACTH and cortisol serum levels increased relative to serum levels of IL6 (ACTH/IL6: 0.46 (0.28) v 0.86 (0.24) (pmol/l)/(pg/ml); cortisol/IL6: 62.1 (22.8) v 390.2 (108.1) (nmol/l)/(pg/ml)). This indicates that the main hormones of the HPA axis normalise relative to serum IL6. For ACTH and cortisol, serum levels are respectively two and four times higher in relation to IL6 at 12 weeks than at baseline.
DISCUSSION
CBG binds glucocorticoid hormones and regulates their biological availability to target cells. 17 CBG is mainly produced by the liver in all species examined.
18 IL6 and other proinflammatory cytokines can decrease production of CBG from liver cells. 13 14 Thus, the proinflammatory load may decrease CBG serum concentrations in RA, which has been demonstrated in patients with prolonged critical illness in intensive care units. 19 In this study, CBG baseline levels were normal in patients with RA. Furthermore, CBG serum levels did not markedly change during the course of anti-TNF treatment. In view of these findings, we suggest that measurement of serum levels of cortisol are not markedly influenced by CBG concentrations in patients with RA.
In addition to the marked improvement of clinical and laboratory measures of inflammation, treatment with adalimumab decreased IL6 secretion. IL6 can be considered as a hormone which informs the adrenal gland and the central nervous system about the inflammatory status of peripheral joints. 20 It is important to mention that the hypothalamicpituitary axis, particularly, undergoes desensitisation upon repetitive IL6 stimuli, with a marked unresponsiveness of ACTH secretion. 21 22 Removal of the IL6 proinflammatory load by anti-TNF treatment leads to increased cortisol levels relative to IL6. This phenomenon is probably not much influenced by CBG because this transport protein remains constant. This study also demonstrated that ACTH serum levels decrease during anti-TNF treatment, which also shows that the proinflammatory load stimulates ACTH secretion. The improvement of the hypothalamic-pituitary function can further be demonstrated when serum levels of ACTH are expressed relative to IL6.
Earlier studies have shown that adrenal androgen secretion is low in patients with RA. [8] [9] [10] [11] In our earlier study we demonstrated relatively normal serum levels of ASD during the course of anti-TNF treatment. 12 This was confirmed in this present study in Italian patients with RA treated with a different anti-TNF antibody. The relative preponderance of the glucocorticoid pathway (to cortisol) in relation to the androgen pathway (to ASD) was seen when the ratio of serum cortisol/ASD was used. This particular ratio increased during anti-TNF treatment with infliximab, 12 which was confirmed in this present study with adalimumab. These findings suggest that anti-TNF treatment favours ASD secretion relative to cortisol.
In conclusion, our present anti-TNF study with adalimumab in an Italian RA cohort demonstrated that CBG levels are not markedly altered during anti-TNF treatment. Thus, measurement of cortisol levels during anti-TNF treatment relative to serum levels of IL6 is probably not influenced by CBG levels. Furthermore, we confirmed some of our recent findings in a German RA population using infliximab. Both studies showed that the HPA axis relative to IL6 was normalised and that adrenal androgens were increased relative to cortisol. These positive effects must be considered as an additional systemic anti-inflammatory influence of anti-TNF treatment in patients with RA. 
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